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Fig. 1. Effects of dust particles ( Z d = 10 3 ) on the limit
value of ler
" "
Here 8 is is defined by the ratio of the density of the
generated ions to the electron density and <...>: denotes
the average over the velocity distribution function of the
injected ions. The effect of dust particles for stable
potential formation is shown in Fig. 1, where Z i = 1, Te =
10 eV, T s = 0.03 eV, and 8 is =0.01, Z d = 10 3, and the
parameter v d is defined by the ratio of the characteristic
length of potential decrease to the mean-free path of the
absorption to dust particles:
vd=ne<O"dV/lv:I>_Teleld¢ldzl (5)
The effects of neutral and dust particles for the stable
or monotonically changing potential formation in an
expanding magnetic field toward the divertor plate was
investigated in a quasi-neutral plasma by using one-
dimensional kinetic analysis. In the model for a one-
dimensional analysis, the divertor plate is located at the
position of z = 1. The magnitude of magnetic field B (z),
which is directed toward the z direction, decreases to the
plate ( d B / d z < 0) so slowly that the magnetic moment of
ions f.1 is conserved during their motion. The neutral and
dust particles are uniformly distributed in front of the
divertor plate. The plasma flow from the point z = 0 is
taken account, which corresponds the plasma flow from
the SOL (Scrape-Off Layer) region to the divertor region.
The electrons are assumed to satisfy the Boltzmann
relation with the uniform electron temperature. In this
analysis we investigate the potential formation ¢ (z) with
the monotonically decreasing in the divertor plate
direction. The ion velocity distribution function is
expressed from Boltzmann equation in (z, £, f.1) space,
where £ is the total energy of an ion
M 12 + JiB(z) + qi¢ (z) which is one of the constants
of motion of ions:
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af i(z,£,f.1) (1)
v.,. (z,£,f.1) ::"I =S i (z,£,f.1) - Sd (z,£,f.1) ,
aZ
where the modeled distribution function of the ion source
is introduced [1,2]:
MrSl'(Z,£,II) =--2 ne(z)ns<O"V>i Iv.,. (z,£,Ji)1
,..., 4nT s
x exp[- M iv2 (z,£,Ji) I 2T s] (2)
In this case and the density ratio of the generated ions to the
electron density of 0.0 1 without dust particles, the injected
ion flow velocity have to be larger than 0.48 e s. Plasma
ion sink, such as absorption to dust particles, increases this
required ion flow velocity. In the same values of above
plasma parameters and the density of dust particles with Z d
= 10 3 to the electron density of 10 - 4, this limit factor
increases from 0.48 to 0.58.
where ns is the uniform density ofthe neutral atoms and Ts
is the temperature of source ions, which is assumed
spatially uniform. The injected plasma ion distribution
function from the SOL region is determined by the
absorption to dust particles. Since the dust particles is at
rest due to their heavy masses, the plasma ion absorption
rate is expressed by
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The condition of the equality of the density gradients for
uniformly distributed dust particles gives the relation
between the spatial variation of potential and magnetic
field and the quantities of dust and neutrals:
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